J Biosci (2020)45:31
DOI: 10.1007/s12038-020-0006-0

Ó Indian Academy of Sciences
(0123456789().,-volV)
(0123456789().,-volV)

Development of transgenic cotton (Narasimha) using triple gene
Cry2Ab-Cry1F-Cry1Ac construct conferring resistance
to lepidopteran pest
SUMALATHA KATTA1,3, ASHWINI TALAKAYALA1, MALIREDDY K REDDY2,
UMA ADDEPALLY3 and MALLIKARJUNA GARLADINNE1*
1

Plant Molecular Biology Laboratory, Agri Biotech Foundation, Rajendranagar,
Hyderabad 500 030, India

2

Crop Improvement Group, International Center for Genetic Engineering and Biotechnology,
New Delhi 110 046, India
3

Center for Biotechnology, Jawaharlal Nehru Technological University,
Hyderabad 500 085, India
*Corresponding author (Email, garladinnemarjun@gmail.com)
MS received 12 February 2019; accepted 31 October 2019

High-yielding Indian cotton varieties are not amenable for regeneration and transformation because they are
recalcitrant in nature. In this work, we have developed Narasimha (NA1325) cotton variety by introducing three Cry
genes driven by three different promoters conferring insect resistance. The meristematic region of embryo axis
explants were infected and co-cultivated with Agrobacterium tumefacience (LBA4404) harbouring pMDC100
vector with three Cry gene cassettes (a-globulin : Cry2Ab, DECaMV35s : Cry1F and nodulin : Cry1Ac) with Npt II
as a selectable marker gene. Out of 1010 embryo axes explants infected, 121 (T0) regenerated under two rounds of
kanamycin selection medium. About 2551 T1 seeds were collected from 111 T0 plants and these seeds screened again
with kanamycin at seedling stage. The transgenic plants were characterized by PCR, real time quantitative PCR,
lateral ﬂow strip protein assay and insect bioassay. Out of 145 kanamycin resistant plants (T1), twelve showed
ampliﬁcation of all four transgenes: Npt II, Cry2Ab, Cry1F and Cry1Ac through PCR with expected amplicons as
395, 870, 840 and 618 bp, respectively. Further, lateral ﬂow strip test revealed Cry1F and Cry1Ac proteins
accumulated in 12 plants, whereas Cry2Ab protein was detected in eight only. The transcripts of all three Cry genes
were accumulated signiﬁcantly higher in transgenic plants at T2 generation. The transgenic lines showed effective
resistance against Helicoverpa armigera and Spodoptera litura larvae. The T2 line L-3 exhibited highest percentage
of insect mortality, in which transcripts of all cry genes were accumulated higher than other plants. The transgenic
cotton plants carrying triple Cry genes could be an excellent germplasm resource for the breeders for introgressions.
Keywords. Agrobacterium; acetosyringone; embryo axes; Helicoverpa armigera; Spodoptera litura;
Cry2Ab; Cry1F; Cry1Ac transcripts

1. Introduction
Cotton (Gossypium hirsuturm L) is an important
commercial crop, being cultivated in several countries
and serving the purpose of textile industry, animal feed,
seed oil, etc. The annual cotton production was 23
million metric tons globally (www.cottoninc.com), with

India being the largest producer (6.2 mt), during
2017–2018 (FAOSTATS, 2017-18). But, evolution of
resistant bollworms and incidence of sap-sucking
insects threaten crop production. These insects are
difﬁcult to control by the application of chemical pesticides because of their quick adaptation and development of resistance to the insecticides.
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Genetic improvement of cotton through conventional
breeding for incorporation of insect resistance has met
with little success due to lack of desired traits in the
cotton genotypes with required levels of resistance.
Transgenic technology is widely adapted for effective
management of diverse pest populations. High-yielding
cotton varieties are recalcitrant for in vitro regeneration
and transformation. Hence, development of an efﬁcient, high-throughput transformation protocol for traditional cotton varieties is prerequisite for pest
management, ﬁber improvement, etc. Umbeck et al.
(1987) reported the ﬁrst successful Agrobacteriummediated transformation of cotton through somatic
embryos by expressing chloramphenicol acetyl transferase gene with Npt II as a selectable marker. Since
then, several researchers have reported different
methods of cotton tranformation, viz., Agrobacteriummediated (Miao et al. 2010), particle bombardment
(Liu et al. 2011), pollen tube method (Wang et al.
2004) and silicon carbide whiskers (Asad et al. 2008).
The Agrobacterium-mediated method showed prominent and stable integration of transgenes in the following generations. Hence, it is being widely used for
cotton transformation.
Cotton regeneration through tissue culture approach
has been standardized using different explants like
hypocotyls, cotyledons, shoot tips, etc. Pathi and Tuteja
(2013) developed a regeneration protocol using embryo
apex in Narasmiha variety. Vajhala et al. (2013)
reported that Agrobacterium-infected embryo axis were
regenerated on phosphinothricin medium for generating sap-sucking-resistant cotton. In another study, the
infected embryo axis explants were selected on
spectinomycin medium and generated transgenic cotton (Chen et al. 2014). Insectidical/crystalline proteins
have made tremendous impact on successful generation
of insect-resistant crops. Bacillus thuringenesis (Bt)
produces crystalline proteins that binds to midgut
receptors, forms pores in the gut epithelium and ﬁnally
kills the insect (Whalon and Wingerd 2003). Firstgeneration Bt cotton (Bollgard I) expressing a single
trait (MON531 event) was introduced in the year 2002
in India. However, these hybrids proved to be ineffective as bollworms developed resistance to Cry toxins. Pyramiding two or more genes with different
combinations could be more effective rather than
expressing a single gene for developing broad spectrum
of resistance (Yi et al. 2013). Further, second-generation pyramided trait with Cry1Ac and Cry2Ab2 (BG II
MON15985 event) was approved for release in 2009,
then it was occupied in 95% of total area of cotton
cultivation in India. The wide-strike Bt cotton (Cry1Ac

? Cry1F) showed effective season-long protection
against H.armigera and S. litura (Moudgal et al. 2011).
Li et al. (2014) pyramided Cry1Ac, Cry2A and Cry9C
by conventional cross-pollination for developing
insect-resistant cotton. The combination of toxins may
help to delay the development of resistance to Bt toxins
among insect populations (Naqvi et al. 2017). Introduction of Bt genes with different combinations could
offer durable resistance against major cotton pest
including H.armigera, S.litura, Earias vittella, Pectinophora gossypiella, etc., and it ultimately enhances
the crop yields and also farmers’ income.
Narasimha is a high-yielding elite cotton variety
which has superior ﬁber quality and is used as a female
parent line in development of several conventional and
transgenic cotton hybrids (Ravindranath 2009). Transformation of an elite cotton variety like Narasimha
remains a challenge due to lack of effective and
reproducible transformation and regeneration protocols
particularly for multiple gene transformation. To tackle
a broad spectrum of insects pest, three different Cry
genes, such as Cry2Ab, Cry1F and Cry1Ac, were
codon optimized, synthesized and cloned under the
regulation of a-globulin, Double Enhancer CaMV35s
and nodulin promoters respectively in gateway entry
clones. Further, all three cassettes pyramided in plant
transformation vector pMDC100 through gateway
cloning approach and generated transgenic plants. The
transgenic plants were analyzed through PCR, quantitative real time PCR, lateral ﬂow strip test and insect
bioassay.

2. Materials and methods
2.1 Plant material and sterilization
Cotton cv Narasimha (NA1325) seeds collected from
Regional Agriculture Research Station (RARS),
Nandyal, India. Seeds were delinted with concentrated
H2SO4 and thoroughly rinsed under running tap water
for 10 min. The acid was neutralized with CaCO3 for
10 min and washed thoroughly with distilled water and
kept for drying at 40°C for 24 h. Dried seeds were
again surface sterilized with 0.1% HgCl2 for 10 min
and 70% alcohol for 2 min followed by ﬁve washes
with distilled water. The surface sterilized seeds were
soaked in sterile water and incubated under dark for
5–6 h. The embryo axis of seeds were excised without
disturbing the meristematic cells, which were used as
explants for Agrobacterium infection.
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2.2 Construction of plant transformation vector
pMDC100 carrying three Cry genes
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The Cry genes such as Cry2Ab, CryIF and Cry1Ac
were codon optimized and synthesized from Gene Art
gene synthesis services. The Cry2Ab gene was cloned
under regulation of cotton a-globulin promoter and
poly A as terminator in gateway compatible entry
vector 2 (EV 2). Cry1F fused with DECaMV35s promoter in EV 1. Cry1Ac cloned in EV 2 under the
regulation of cotton nodulin promoter. These three Cry
gene expression cassettes such as Cry2Ab (a-globulinCry2Ab-poly A), Cry1F (DECaMV35s-Cry1F-poly A)
and Cry1Ac (Nodulin-Cry1Ac-poly A) pyramided in
plant transformation vector, pMDC100 with Npt II
gene (ﬁgure 1) as a selectable marker (Curtis and
Grossniklaus 2003) using LR clonase reaction and
multi-step gateway compatible cloning system. This
construct was then mobilized into A.tumefaciens strain
LBA4404 by electroporation and conﬁrmed the transformed colonies through PCR.

pricked at axes region using a ﬁne needle where
Agrobacterium culture was injected. The infected
explants were co-cultivated in half strength MS medium with acetosyringone (200 lM) at 28°C for 48 h at
180 rpm in shaking incubator (Labtech India Pvt Ltd).
Post co-cultivation, the embryo axis were washed 2 to
3 times with cefotaxime (250 mg/L) to eliminate the
Agrobacterium cells. The explants were transferred to
primary selection medium (MS with vitamins ? 3%
sucrose ? 0.5 mg/L BAP ? 0.25 mg/L NAA ? 100
mg/L kanamycin ? 250 mg/L cefotaxime) and incubated for about two weeks. Subsequently, the surviving
shoots were transferred to another round of selection
medium containing MS ? 100 mg/L kanamycin ? 1.0
mg/L kinetin for shoot elongation and rhizogenesis.
The cultures were maintained at 26±1°C under a 16/8
h light/dark cycle with light supplied at an intensity of
60 lE m-2 s-2. Regenerated plantlets were transferred
to the greenhouse for hardening under controlled
growth conditions at 80–90% relative humidity and
temperature 30–35°C.

2.3 Agrobacterium-mediated cotton
transformation

2.4 Screening of T1 putative transgenic plants
through kanamycin assay

A single colony of LBA4404 harbouring three Cry
genes was inoculated into 5 ml YEM (Yeast Extract
Mannitol) medium supplemented with 50 mg/L kanamycin, 20 mg/L rifampicin and 50 mg/L streptomycin
and incubated overnight at 28°C. Then 1% of primary
culture was transferred to 100 ml of YEM broth and
allowed to grow till it reaches to 0.5–0.6 (O.D600).
Bacterial culture was spun down at 8000 rpm for 10
min at 4°C. The pellet was then re-suspended in 100 ml
of half strength liquid MS (Murashige and Skoog
1962) medium and added 200 lM acetosyringone for
induction of vir genes.
Surface sterilized seeds imbibed in sterile water for 5
h at room temperature. The embryos excised and

The matured T1 seeds obtained from T0 plants were
germinated in pro trays. In each tray, 40 seeds of
putative transgenic seeds along with 5 each of wildtype and commercial BG II transgenic seeds were
germinated. After 2 weeks of germination, when the
3rd and 4th leaves emerged, the cotyledons were
removed and allowed to grow the plants further for 4 to
5 days. The lethal dose of kanamycin was identiﬁed as
200 mg/L. The younger plants were sprayed either with
0 or 200 mg/L kanamycin sulphate solution with
sprayer once a day for three alternative days (day 1, 3
and 5). Approximately, 100 ml was sprayed on each
tray. After 10 days of spraying, resistant plants were
selected for molecular analysis.

Figure 1. The T-DNA region of pMDC100 vector carrying Cry genes. The schematic representation of T-DNA harboring
three cry genes Cry2Ab, Cry1F and Cry1Ac driven by a-globulin, double 35s CaMV and nodulin promoters respectively with
Npt II as selectable marker. The construct mobilized into Agrobacterium for cotton transformation.
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2.5 Isolation of genomic DNA and PCR analysis
The genomic DNA was isolated from the kanamycin
resistant putative transformed and control plants
through Cetyl-Trimethyl Ammonium Bromide (CTAB)
method as described by Doyle et al. (1987) with few
modiﬁcations. The quality and quantity of DNA were
measured by using Nano spectrophotometer (GE
Healthcare Pvt Ltd). Then the DNA was diluted to 100
ng/lL with milli Q grade water for further PCR analysis. The PCR was carried out by using gene speciﬁc
primers of Npt II, Cry2Ab, Cry1F and Cry1Ac (supplementary table 1). Each reaction was performed in 50
ll of reaction mixture containing 200 ng of DNA, 10X
buffer, 10 mM dNTPs, 150 ng of each primer and 5U
of Taq DNA polymerase by following conditions: 94°C
for 5 m initial denaturation, 30 cycles of 94°C denaturation for 1 m, 57°C (Npt II), 46°C (Cry2Ab), 55°C
(Cry1Ac) and 51°C (Cry1F), annealing at 72°C for 1
min and ﬁnal extension 72°C for 7 min. Ampliﬁed
PCR products were electrophoresed on 1% agarose gel,
visualized on ethidium bromide staining and documented (G-Box-Syngene).
2.6 Total RNA isolation and cDNA synthesis
Total RNA was extracted from young leaves of the
transgenic and non-transformed (NT) control plants
through CTAB-Ammonium Acetate method (Zhao
et al. 2012). The RNA was treated with DNase A
(Thermo scientiﬁcs Pvt Ltd). The quality and quantity
of RNA was measured by using Nano spectrophotometer (GE Healthcare Pvt Ltd). First-strand cDNA
was synthesized from 5 lg of total RNA and random
hexamers in 20 ll reaction using the iScript cDNA
reverse transcriptase kit (Bio-Rad, USA) following the
manufacture’s guidelines.
2.7 Transcript analysis of transgenic plants
by real time PCR
The transcript accumulation in transgenic plants was
analyzed by quantitive real time PCR (CFX96-BioRad, USA) according to the manufacturer’s instructions. Cotton tubulin (GhTub) was used as the
endogenous reference control. Reaction volume of 10
ll contained 5 ll SYBR Green PCR Master mix
(Bio-Rad, USA), 30 ng of cDNA pool, 500 nM each
of forward and reverse primers of Cry2Ab, Cry1F
and CryIAC (supplementary table 1). To calculate

mean relative expression levels, cDNAs from three
independent samples in three replicates each were
used. The PCR thermal cycle was initiated with
denaturation at 95°C for 5 min followed by 40
cycles of denaturation at 95°C for 10 s, annealing
and extension at 54°C for 30 s. A melt curve analysis was done to determine the speciﬁcity of the
reaction. After normalization, quantity of each
mRNA was calculated from the threshold points
located in the log- linear range. The data from different cDNA samples were compared by using the
mean of Ct values of three technical replicates that
was normalized to the mean of Ct values of the
GhTub gene. The relative expression ratios were
calculated using the 2-DDCt method (Livak and Schmittgen 2001). The data was analysed through BioRad CFX Manager Software 3.1 (Bio-Rad, USA)
with default baseline and threshold. Relative transcription levels presented graphically.
2.8 Lateral ﬂow strip (LFS) test
The PCR positive putative transgenic cotton plants
were reconﬁrmed by protein immuno lateral ﬂow strip
assay. The cotton leaf samples from both control and
PCR positive transformed plants (T1) were ground to
ﬁne slurry using micro pestles. Then 0.5 ml of
extraction buffer was added to the leaf slurry and
vortexed for about 20 s. Thereafter, the lateral ﬂow
strip was placed in the individual leaf slurry according
to the manufacturer’s instructions (Amar Immunodiagnostics Pvt Ltd). The samples were incubated for 5
min to observe the chromogenic pink/purple colour
bands on Cry protein coated strips.
2.9 Insect bioassay
H. armigera (NBAII-MP-NOC-01) and S. litura
(NBAII-MP-NOC-02) eggs obtained from National
Bureau of Agricultural Insect Resources, Bangalore,
India. The eggs were reared on chick pea based artiﬁcial diet at 28°C. About two day old larvae were used
for assessing the feeding ability on detached leaf tissues of selected transgenic and control plants. For
insect feeding bioassay, ﬁve larvae released on each
leaf as triplicates to assess the mortality of H.armigera
and S.litura. The differences between transgenic and
wild-type plants on insect bioassay were assessed by
one way analysis of variance (ANOVA) with signiﬁcant difference at p=0.05.
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3. Results
3.1 Agrobacterium-mediated genetic
transformation of cotton
A total of 1010 embryo axes explants were co-cultivated with Agrobacterium (LBA4404) carrying
recombinant pMDC100 triple Cry gene vector (ﬁgure 1). The infected embryo axis (ﬁgure 2A) were
washed with cefotaxime to get rid of Agrobacterium.
About 385 explants survived and regenerated in the
primary selection medium containing 100 mg/L kanamycin along with BAP and NAA (ﬁgure 2B). Out of
these explants, 184 regenerated as plantlets in the
secondary selection medium (ﬁgure 2C and D). Uninfected control explants completely etiolated in the
kanamycin medium. About, 121 plantlets at frequency
of 11.98% recovered completely and maintained them
in transgenic greenhouse (ﬁgure 2E). Out of 121 T0
plants, 111 plants were normal, fertile and produced T1
seeds as like wild-type plants. In all 2551 T1 seeds
were collected from these resistant plants (table 1) and
they were further screened through kanamycin spray
assay.
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3.2 Screening the putative transgenic T1 plants
with kanamycin
The concentration of kanamycin was optimized as 200
mg/L for screening the putative T1 transgenic plants.
All the 2551 seeds were screened through kanamycin
assay. Out of 2551 plantlets, 145 survived (5.6%) in the
selection without any symptoms of damage by the
kanamycin antibiotic and noted as resistant plants
(ﬁgure 3D and table 1). The commercial BG II (harbouring Cry1Ac ? Cry2Ab ? Npt II) used as positive
control, which grown normally without any symptoms.
In contrast, non- transformed plants etiolated and
bleached (ﬁgure 3C). Putatively transformed resistant
plants were maintained under controlled humidity and
temperature in transgenic glass house.
3.3 Molecular Analysis of putative T1 and T2
transgenic plants
Genomic DNA was isolated from 145 kanamycin
resistant putative (T1) transgenic cotton plants as well
as untransformed control plants. PCR was performed

Figure 2. Agrobacterium mediated cotton transformation: (A) embryo axes excised from mature seeds, (B) Agrobacterium
infected embryo axis growing under co-cultivation medium, (C) kanamycin-resistant plantlets, (D) shoot regeneration in
shoot induction medium, and (E) putative transformed plants growing under controlled green house conditions.
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Table 1. Number of explants/plantlets/seeds at different stages of transformation

No of
embryos
infected
1010

Primary
selection
medium

Secondary
selection
medium

No of plantlets
revived in glass
house

Percentage of
regeneration on
selection medium
(T0)

No of seeds
collected from
111 (To) plants

Resistant plantlets after
kanamycin assay at T1
generation

385

184

121

11.98 %

2551 (T1)

145 (5.68%)

Figure 3. Screening putative transgenic plants through kanamycin spray assay: (A) T1 putative transformed plants, control
and commercial BGII seeds germinated on pro trays. (B) Sprayed kanamycin (200 mg/L) for three times with a 2-day
interval. (C) The seedling appearing with yellow spots were treated as sensitive and (D) plantlets without symptoms were
treated as kanamycin-resistant plants

using gene speciﬁc primers to detect presence of three
Cry genes and Npt II in all transgenic plants. Out of
145 plantlets tested, 12 showed ampliﬁcation of all four
transgenes Npt II, Cry2Ab, Cry1F & Cry1Ac with an
expected product sizes as 395, 870, 840 and 618 bp
respectively (ﬁgure 4A–D). However, the non transgenic
plants failed to show such kind of ampliﬁcation. All these
twelve T1 plants were grown till maturity and 616 T2 seeds
were collected. Further, screened these seeds also through
kanamycin spray and PCR analysis. Out of 166 resistant T2
plants, 9 exhibited PCR positive for all four genes.

3.4 Detection of Cry proteins through LFS test
at T1 generation
In LFS test assay the Cry proteins were qualitatively
detected from PCR positive T1 transformed plants. The
Cry2Ab protein test band was detected in eight plants
only; whereas Cry1F and Cry1Ac proteins were
detected in all 12 plants tested (ﬁgure 5). None of these
proteins were detected in the control plants. The control
band was detected in all the samples tested as expected.

3.5 Bioassay using H.armigera and S.litura
Nine transgenic T2 plants derived from T1-9 plant
expressing three Cry genes were evaluated for their
effectiveness against H.armigera and S.litura. The leaf
area consumption and mortality rate were varied among
tested detached transgenic leaves. Post three days of
feeding, H.armigera mortality rates of larvae feeding on
cotton T2 line numbers L3, L4, L6, L7, L12, L16, L17,
L19 were 84.4%, 62.2%, 75.5%, 51.1%, 48.8%, 44.4%,
51.1% and 42.2% respectively (ﬁgure 6). Whereas, only
20% mortality was observed on L11. A mortality rate of
100% was observed after 5 days on leaves of L3, L4, L6,
L17 and L19. However, 90% larvae fed on control leaves
were survived with minimal mortality.
Effect of three Cry genes expressing in transgenic cotton lines were tested against S.litura also. Post three days
of feeding, S.litura mortality rates of larvae feeding on
cotton T2 line numbers L3, L4, L6, L11, L12, L17 and L19
were 64.4%, 37.7%, 44.4%, 35.5%, 37.7%, 35.5% and
44.4% respectively (ﬁgure 7). Whereas, only 20–25%
mortality was recorded on L7 and L16. A mortality rate of
100% was observed after 6 days on leaves of L3, L4, L6

Development of transgenic cotton (Narasimha)
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Figure 4. Molecular conﬁrmation of transgenic plants (T1): Schematic representation of PCR ampliﬁed products of T1
Cotton transgenic plants: (A) ampliﬁcation of Npt II, (B) Cry2Ab, (C) Cry1F and (D) Cry1Ac. M, marker; PC, positive
control; NT, non-transgenic; NC, negative control; lane numbers 1 to 12 represented the plant samples transformed with triple
Cry gene construct.

Figure 5. Lateral ﬂow dip strip assay of three Cry proteins: The cotton transgenic and control leaves were crushed and
incubated with buffer. The upper band represents the control and lower band for Cry2Ab, Cry1Ac and Cry1F protein
accumulation. NT, non-transgenic; Lane numbers 1 and 2 representing the transformed plants (A) Cry2Ab, (B) Cry1F and
(C) Cry1Ac.

and L19. However, 94% larvae fed on control leaves were
survived with minimal mortality. The larvae which survived on transgenic plants were not active and stunted.
The transgenic line L3 showed highest percentage of
insect mortality 85% and 65% against H. armigera and S.
litura respectively. The larvae were fed more than half of
the control leaves within three days of release and size/
length of the larvae were signiﬁcantly much higher than

the larvae which had fed on transgenic plants (ﬁgures 6A
and 7A).

3.6 Transcript analysis of Cry genes
To check the expression of transcripts of Cry genes, we
performed quantitative real time PCR in selected lines
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Figure 6. Insect bioassay of transgenic cotton with H.armigera: Larvae mortality of cotton bollworm when they fed on the
transgenic and wild-type cotton leaves for 3 days. (A) Larvae feeding on control and size of larvae, (B) insect mortality on
transgenic plants, (C) graphical representation of H.armigera insect mortality of transgenic and wild-type using bioassay
which was determined by one-way analysis of variance (ANOVA). Error bars indicate the SD, *signiﬁcantly different from
control p\0.05.

L3, L4, L6, L17 and L19. The globulin promoter
regulates the expression of Cry2Ab gene, which was
accumulated 2.7±0.3 folds relatively higher in L3, L6
and L17 plants. The Cry1F driven by DECaMV35s
promoter and nodulin driving Cry1Ac genes were
expressed 1.2±0.3 and 2.1±0.3 folds respectively. The
transgenic line L3 exhibited elevated expression of all
three genes. The relative expression of all three genes
in L17 was signiﬁcantly lesser than any other plant.
The transcripts speciﬁc to none of the transgene were
accumulated in control plants (ﬁgure 8).

4. Discussion
Agrobacterium-mediated transformation in cotton has
proved to be highly efﬁcient for generation of highly
fertile transgenic plants. Most of the transformation
protocols standardized have used coker or coker back
ground cultivars, since these explants proved to be very

sensitive to Agrobacterium infection (Khan et al.
2010). Limited reports of transformation are available
with agronomically elite high-yielding Narasimha
variety. Pathi and Tuteja (2013) standardized a regeneration protocol using embryo apex in Narasimha
variety. In current work, we have generated transgenic
Narasimha by Agrobacterium-mediated transformation
conferring resistant to lepidopteran pest.
The transformation frequency of cotton has been
inﬂuenced by many factors like genotypes, type of
explants, density of Agrobacterium culture and hormonal combinations in regeneration medium (Juturu
et al. 2015). Pathi and Tuteja (2013) tested the regeneration using different explants of Narasimha variety
such as hypocotyls, cotyledons and embryo axes.
Among them embryo axis was reported as the best
explant for regeneration. In current work, the transformation frequency recorded as 0.8%, which was
higher than those previously reported. Vajhala et al.
(2013) reported the regeneration frequency as 0.2%

Development of transgenic cotton (Narasimha)
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Figure 7. Insect bioassay of transgenic cotton with S.litura: Larvae mortality of cotton bollworm when they fed on the
transgenic and wild-type cotton leaves for 3 days. (A) larvae feeding on control and size of larvae, (B) insect mortality on
transgenic plants, (C) graphical representation of S.litura insect mortality of transgenic and wild-type using bioassay which
was determined by one-way analysis of variance (ANOVA). Error bars indicate the SD, *signiﬁcantly different from control
p\0.05.

Figure 8. Transcript analysis of Cry genes. Total RNA was
extracted from 45-day-old control and transgenic lines. The
gene expression was normalized by using GhTub as an
internal standard. The data represented mean and standard
deviation of three independent samples.

after induction of two rounds of selection on phosphinothricin. In another study, 0.55% of transformation
frequency reported in Brazilian cotton cultivar through

particle bombardment of embryo axes which was
selected on herbicide Imazapyr (Aragao et al. 2005).
Equally important is the right level of selection pressure to obtain high transformation frequency. Higher or
lower concentrations may lead to high frequency of
inhibition of true transformed cells or escapes respectively (Chen et al. 2014). The explants cultured on 100
mg/L kanamycin continuously in entire regeneration
period was stringent enough to eliminate non transformed plants which were etiolated completely. The
same concentration was used for screening T1 generation putative transformed plants. However, 100 mg/L
concentration was not sufﬁcient for screening these
plants when grown in soil. Hence, these plants were
screened at 200 mg/L kanamycin through spray assay.
B.thuringenesis is reservoir of Cry genes which
produce endotoxins speciﬁc to kill major lepidopteran
pest. Bt proteins/toxins have exhibited enormous
potential by controlling agriculturally important insect
pests as well as reducing usage of pesticides.
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Deployment of single gene may not be effective against
multiple targeted insects. Expression of two or more
genes rather than expressing single gene could cater
durable resistance against wide range of pest (Puspito
et al. 2015; Naqvi et al. 2017). Transgenic cotton
expressing Cry1Ac and Cry2Ab proteins offers more
effective resistance to Helicoverpa and Spodoptera
species than expressing Cry1Ac alone (Stewart et al.
2001; Chitkowski et al. 2003). Moreover, these pyramided multiple gene constructs could be inherited
together in the following generations (Dafny and Tzﬁra
2007). Hence, in current work, engineered a construct
harbouring three synthetic Cry genes driven by different promoters. Viana et al. (2011) used uce promoter
which drives the higher gene expression in root and
ﬂower of cotton tissues. The nodulin promoter drive
gene expression in reproductive organs like buds, bolls,
ﬂowers and ﬁbers (Ren et al. 2005). Hence, nodulin
promoter may enhance the expression of Cry1Ac efﬁciently in bolls to control Helicoverpa in reproductive
organs. The a-globulin promoter is a seed speciﬁc
promoter which leads to gene expression in seed
development (Sunilkumar et al. 2002). This would also
regulate the gene expression at ﬂowering organs. The
DECaMV35s is a constitutive promoter which regulates the expression of CryIF gene in all organs of the
plant. Initially the insects feed on leaves, and hence
constitutive expression of the Cry1F may control
insects effectively at early stages of plant before
reproductive stage. However, cotton buds, ﬂowers and
bolls were preferable choice of food for bollworms (Jia
et al. 2001), where the nodulin and a-globulin promoters could regulate the expression of CryIAc and
Cry2Ab effectively to control these insect pest.
The PCR and quantitative RT PCR conferred the
integration of three Cry genes into genome of Narasimha variety. The transcripts of Cry2Ab, Cry1Ac and
Cry1F were accumulated in L3, L4, L6 and L19,
except L17. The Cry1Ac and Cry1F transcripts were
expressed relatively lower than Cry2Ab in transgenic
lines. H.armigera and S.litura are phytophagous insect
pest controlled by application of different kind of Bt
toxins. The mRNA transcripts expressed relatively
much higher in L3 and Cry toxins synthesized from
this plant caused 85±2 % and 65±2 % mortality
observed against H.armigera and S.litura respectively
(ﬁgures 6, 7 and 8). Varied insect mortality as 40±3 to
85±2% of Helicoverpa and 35±2 to 65±2 % of
Spodoptera was observed due to varied levels transcript expression within transgenic plants.
In conclusion, we have developed a Narasimha
transformation protocol using multiple Cry genes. The

Cry2Ab, Cry1F and Cry1Ac transgenes were integrated and their respective translated proteins were
detected in trasngenic plants. The transcripts of all
genes were accumulated T2 plants, particularly L3
showed relatively higher folds of expression quantitively. Higher percentage of insect larval morality of
both H.armigera and S.litura was seen in L3. The
derivatives of L3 lines will be studied further using
other insect pest under conﬁned conditions.
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